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Abstract

Background: The cerebral ventricles are fluid-filled cavities within the brain crucial for cerebrospinal fluid (CSF)
circulation. Assessing their size is important for diagnosing neurological conditions. This study aims to establish
reference ranges for the morphometry (size and shape) of the third and fourth ventricles in healthy Bangladeshi adults
using Magnetic Resonance Imaging (MRI). Methods: A cross-sectional study was conducted on 200 healthy adults (100
males and 100 females) aged 18-60 years. High-resolution T1-weighted MRI scans were obtained, and morphometric
measurements of the third and fourth ventricles were performed. The parameters measured included the width, length,
and height of the ventricles. Statistical analysis was carried out to assess the variations in ventricular dimensions across
different age groups and between sexes. Results: The study found that the mean dimensions of the third and fourth
ventricles in the Bangladeshi population are consistent with existing data from other populations, with some variations.
Significant differences were observed in the dimensions of both ventricles between males and females, with males
showing slightly larger measurements. Age-related changes in ventricular size were also noted, with a trend towards
increased dimensions in older age groups, indicating possible age-associated atrophy. Conclusion: This study provides
valuable baseline data for the third and fourth ventricular dimensions in the adult Bangladeshi population. These
normative values can aid in the diagnostic assessment of various neurological conditions and contribute to a better
understanding of intracranial anatomical variations in this demographic. Further research with a larger sample size and
inclusion of pathological cases is recommended to enhance the clinical applicability of these findings. This study has
provided valuable reference data for interpreting ventricle size in Bangladeshi adults undergoing MRI scans. Deviations
from these norms might warrant further investigation for potential neurological issues. The findings can contribute to
improved diagnosis and management of neurological conditions in Bangladesh.

Keywords: Reference ranges, Morphometric analysis, Third ventricle, Fourth ventricle, Magnetic Resonance Imaging,
Age-related changes, Sex differences.

Copyright © 2024 The Author(s): This is an open-access article distributed under the terms of the Creative Commons Attribution 4.0 International
License (CC BY-NC 4.0) which permits unrestricted use, distribution, and reproduction in any medium for non-commercial use provided the original
author and source are credited.

1. INTRODUCTION

The human brain's ventricular system, which
includes the third and fourth ventricles, is vital for the
production, circulation, and drainage of cerebrospinal
fluid (CSF). These ventricles are located centrally
within the brain and are critical for maintaining
intracranial pressure and protecting the brain from
trauma. Morphometric analysis of these ventricles
provides important insights into normal brain anatomy

and aids in the diagnosis of various neurological
conditions, such as hydrocephalus, tumors, and brain
atrophy (Nestor et al., 2008). The size and morphology
of the brain's ventricles are crucial parameters in the
neurological diagnosis and assessment of various
conditions. The ventricles, particularly the third and
fourth ventricles, play a significant role in the
production and circulation of cerebrospinal fluid (CSF),
which cushions the brain and spinal cord, removes
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waste, and provides essential nutrients. Abnormalities
in ventricle size can indicate a range of neurological
disorders and are often among the first signs of
pathological changes within the brain.

1. Hydrocephalus: One of the most direct
implications of altered ventricular size is
hydrocephalus, a condition characterized by an
excessive accumulation of CSF within the
ventricles. This leads to increased intracranial
pressure, which can cause headaches, nausea,
cognitive impairment, and in severe cases,
brain damage. MRI measurements of
ventricular size are essential for diagnosing
hydrocephalus, determining its severity, and
monitoring the effectiveness of treatments
such as shunt placement (Bradley, 2001).

2. Brain Atrophy: Enlargement of the ventricles
is often a marker of brain atrophy, where there
is a loss of neurons and the connections
between them. Conditions such as Alzheimer's
disease, multiple sclerosis, and other
neurodegenerative  diseases often exhibit
increased ventricular size due to the loss of
surrounding  brain  tissue.  Morphometric
analysis using MRI helps in the early detection
and monitoring of these diseases, thereby
aiding in timely intervention and management
(Jack et al., 2013).

3. Tumors and Lesions: Ventricular size can be
affected by the presence of tumors, cysts, or
other lesions that exert pressure on the
ventricles, causing them to expand or become
distorted. Accurate measurement of the
ventricles can help in identifying the location
and impact of such growths, guiding surgical
planning and treatment strategies (Gomez-Rio
et al., 2012).

4. Developmental Disorders: In pediatric
neurology, abnormal ventricular size can
indicate developmental disorders such as
congenital hydrocephalus, spina bifida, and
other malformations. Early detection through
MRI allows for timely medical or surgical
intervention, potentially improving long-term
outcomes for affected children (McAllister,
2012).

5. Traumatic Brain Injury: Following head
trauma, changes in ventricular size can signal
complications such as hemorrhage, edema, or
hydrocephalus. Monitoring ventricular size
through imaging helps in assessing the extent
of injury and in making critical decisions
regarding the need for surgical intervention
(Kleindienst & Bullock, 2006).

6. Psychiatric Disorders: Emerging research
suggests that ventricular enlargement might
also be associated with certain psychiatric
conditions, including schizophrenia and

bipolar disorder. Morphometric analysis could
potentially aid in the understanding of these
disorders and contribute to more effective
treatment approaches (Wright et al., 2000).

Given the critical role that ventricular size
plays in these and other conditions, it is imperative to
establish normative data specific to different
populations. Such data provide a baseline against which
pathological changes can be measured. In the context of
the Bangladeshi population, where specific normative
data are lacking, this study aims to fill that gap. By
using MRI to analyze the third and fourth ventricles in a
healthy adult population, this research will provide
essential reference values that can improve the accuracy
of neurological diagnoses and enhance patient care in
Bangladesh. Currently, established reference ranges for
ventricle size often come from Western populations.
These values might not be directly applicable to
Bangladeshi adults due to potential anatomical
variations or ethnic differences. Magnetic Resonance
Imaging (MRI) is a non-invasive imaging technique
that offers high-resolution visualization of brain
structures, making it an ideal tool for morphometric
studies (Jack et al., 2008). MRI's ability to precisely
measure ventricular dimensions allows for detailed
analysis of anatomical variations and abnormalities
(Frisoni et al., 2010). While extensive research has been
conducted on ventricular morphometry in various
populations, there is a notable lack of data specific to
the Bangladeshi population. This gap is significant
because genetic, environmental, and lifestyle factors
unique to different populations can influence brain
anatomy (Pfefferbaum et al., 2013). Bangladesh, with
its distinct demographic and genetic makeup, may
exhibit unique characteristics in brain ventricular
dimensions. Establishing normative data specific to the
Bangladeshi population is crucial for accurate diagnosis
and treatment of neurological conditions within this
demographic. Such data can help differentiate between
normal anatomical variations and pathological changes,
thereby improving clinical outcomes (Good et al.,
2001). This study aims to address this gap by
conducting a morphometric analysis of the third and
fourth ventricles in a healthy adult Bangladeshi
population using MRI. By providing detailed normative
data and examining variations based on age and sex,
this research will contribute to the body of knowledge
on brain anatomy and enhance clinical practices in
Bangladesh. Understanding these variations is essential
for clinicians and radiologists to make informed
decisions and develop appropriate treatment plans
tailored to the Bangladeshi context (Sullivan et al.,
2002). In summary, the primary objective of this study
is to perform a comprehensive morphometric analysis
of the third and fourth ventricles in the adult
Bangladeshi population using MRI. By establishing
normative data and exploring age- and sex-related
variations, this research aims to provide valuable
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insights that will aid in the diagnosis and management
of neurological disorders in Bangladesh.

Expected Benefits:

e Improved diagnostic accuracy for neurological
conditions in Bangladesh.

e  Establishment of a baseline for future research
on ventricle size and related neurological
disorders.

e Better understanding of potential anatomical
variations in the Bangladeshi population.

2. MATERIALS AND METHODS

2.1: Study Design and Population: This cross-
sectional study was conducted to analyze the
morphometry of the third and fourth ventricles in the
adult  Bangladeshi  population using  Magnetic
Resonance Imaging (MRI). The study population
consisted of 200 healthy adults (100 males and 100
females) aged between 18 and 60 years. Participants
were recruited from various regions to ensure a
representative sample of the Bangladeshi population.

2.2: Inclusion and Exclusion Criteria:
e Inclusion Criteria:
o Adults aged 18-60 years.
o No history of neurological or psychiatric
disorders.
o No history of head trauma or brain
surgery.
o No contraindications for MRI scanning
(e.g., presence of metallic implants).
e Exclusion Criteria:
o Individuals with any signs of neurological
abnormalities upon clinical examination.
o Presence of any brain pathology detected
on MRI scans.
o Pregnant women due to potential risks
associated with MRI.

2.3: MRI Protocol: MRI scans were performed using a
1.5 Tesla MRI scanner (model: GE Signa Explorer).
The participants underwent high-resolution T1-
weighted imaging, which provides detailed anatomical
information necessary for morphometric analysis.

e Imaging Parameters:

Sequence: T1-weighted

Slice Thickness: 1 mm

Field of View (FOV): 240 mm
Matrix: 256 x 256

Repetition Time (TR): 500 ms
Echo Time (TE): 15 ms

O O O 0O O O

2.4: Morphometric Analysis: The MRI scans were
analyzed using specialized software (e.g., ITK-SNAP,
version 3.8) for morphometric measurements. The
following parameters were measured for both the third
and fourth ventricles:

e Third Ventricle:
o Width (maximum distance between the
lateral walls)
o Height (superior to inferior extent)
o Length (anterior to posterior extent)
e Fourth Ventricle:
o Width (maximum transverse diameter)
o Height (superior to inferior extent)
o Length (anterior to posterior extent)

Two independent radiologists performed the
measurements to ensure accuracy and reproducibility.
Any discrepancies between the measurements were
resolved through consensus.

2.5: Statistical Analysis: Statistical analysis was
conducted using SPSS software (version 26.0).
Descriptive  statistics were calculated for all
measurements, including mean, standard deviation, and
range. Comparative analyses were performed to assess
differences in ventricular dimensions based on age and
Sex.
e Age Groups: Participants were divided into
four age groups (18-29, 30-39, 40-49, and 50-
60 years) to evaluate age-related changes.
e Sex Differences: Comparative analysis
between male and female participants was
conducted using independent sample t-tests.

A p-value of <0.05 was considered statistically
significant for all tests.

2.6: Ethical Considerations

The study protocol was reviewed and approved
by the Institutional Review Board (IRB) of the
participating institution. All participants provided
written informed consent prior to enrollment.
Confidentiality and anonymity of the participants were
maintained throughout the study.

This study utilized MRI technology to perform
a detailed morphometric analysis of the third and fourth
ventricles in a healthy adult Bangladeshi population. By
establishing normative data and examining variations
by age and sex, the research aims to contribute valuable
insights for the diagnosis and management of
neurological conditions in this demographic.

3. RESULTS
3.1: Demographic Data:

The study included a total of 200 participants,
evenly divided between males (n=100) and females
(n=100). The age distribution was as follows:

Table-1: Age distribution of the participants male
and female patients (N=200)
Age Group | Male | Female | Total
18-29 Years | 25 25 50
30-39 Years | 25 25 50
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40-49 Years

25 25 50

50-60 Years

25 25 50

3.2: Morphometric Measurements:

The morphometric measurements of the third
and fourth ventricles were analyzed and compared
across different age groups and sexes. The results are
summarized below:

3.2.1: Third Ventricle
e Width:
o Overall mean: 45+ 1.2 mm
o Males: 4.7 +1.3mm
o Females: 4.3+1.1 mm

Table I1:

o Age-related changes: A gradual increase
in width with age, statistically significant
differences  observed  between  the
youngest (18-29 years) and oldest (50-60
years) age groups (p < 0.05).

e Height:

o Overall mean: 7.8 + 1.5 mm

o Males: 8.0+ 1.6 mm

o Females: 7.6 + 1.4 mm

o Age-related changes: No significant
changes in height across age groups.

e Length:

o Overall mean: 13.2 £ 2.0 mm

o Males: 13.5+2.1 mm

o Females: 12.9+ 1.9 mm

o Age-related changes: Minor increases with

age, not statistically significant.

Maximum width, height and anterior-posterior length of third ventricle of male and female in
midsagittal T1 view of MRI scan of brain (N=100)

Measurements in mm p-value
Variables Male (n=50) Female (n=50)
Mean + SD Mean + SD
Maximum width of the third ventricle 4.33+041 3.68 £ 0.68 <0.001*
(3.80 —5.30) (1.15 - 4.64)
Maximum height of third ventricle 23.69+£1.13 22.38+£0.72 <0.001*
(20.40 — 25.20) | (21.00 —23.70)
Anterior-posterior length of third ventricle | 27.17 £ 0.67 26.16 £ 0.58 <0 001*
(25.20 — 28.50) | (25.30 — 27.40) '

3.2.2: Fourth Ventricle
e Width:
o Overall mean: 12.3+2.1 mm
o Males: 12.6 + 2.2 mm
o Females: 12.0 £ 2.0 mm
(@]

Males: 11.3 + 1.9 mm

(@]
o Females: 10.9 + 1.7 mm
o Age-related changes: No significant
differences observed.
e Length:
o Overall mean: 14.5 + 2.3 mm

Age-related changes: Significant increase
with age, particularly in participants aged
50-60 years compared to younger age
groups (p < 0.01).
e Height:
o Overall mean: 11.1 1.8 mm

Males: 14.8 + 2.4 mm

(@]
o Females: 14.2 + 2.2 mm
o Age-related changes: Slight increase in

older

age

significant.

groups,

not statistically

Table 111: Maximum width, height and anterior-posterior length of fourth ventricle of male and female in
midsagittal T1 view of MRI scan of brain (N=100)

Measurements in mm p-value
Variables Male (n=50) Female (n=50)
Mean + SD Mean + SD
Maximum width of the fourth ventricle 12.31+£0.19 11.91+£0.25 <0.001*
(11.60 — 12.60) | (11.20 —12.20)
Floor length fourth ventricle 29.32 £2.01 28.98 £1.98 0.397"s
(25.80 — 32.40) | (26.30—-32.20) |
Maximum antero-posterior length of fourth ventricle | 10.34 £ 0.47 9.36 + 0.57 <0.001*
(9.52-11.60) | (8.47 —11.20)

1.3 Comparative Analysis
3.3.1: Sex Differences:
o Statistically significant differences were found
between males and females in the width of
both the third and fourth ventricles, with males

3.3.2

exhibiting slightly larger measurements (p <

0.05).

o No significant sex differences were observed
in the height and length of the ventricles.

: Age-related Changes:
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o Significant increases in ventricular width with
age were observed for both the third and fourth
ventricles. The most notable changes were
seen in participants over 50 years of age.

o Height and length measurements did not show
significant variations with age, indicating that
width is the most sensitive parameter for
detecting age-related changes in ventricular
size.

3.4 : Summary of Key Findings:

e Normative Data: The study established
baseline measurements for the third and fourth
ventricles in a healthy adult Bangladeshi
population. These measurements are consistent
with global averages but reflect unique
characteristics pertinent to the Bangladeshi
demographic.

e Sex Differences: Males were found to have
slightly ~ larger  ventricular  dimensions
compared to females, particularly in the width
of the ventricles. This finding aligns with
existing literature on brain anatomy and
underscores the importance of considering sex
differences in clinical evaluations
(Pfefferbaum et al., 2013).

e Age-related Changes: The study
demonstrated significant age-related increases
in the width of the ventricles, especially in
individuals over the age of 50. These changes
are indicative of normal aging processes and
are essential for distinguishing between age-
related anatomical variations and pathological
conditions (Jack et al., 2013).

The results of this study establish important
baseline measurements for the third and fourth
ventricles in a healthy adult Bangladeshi population.
Significant differences based on age and sex were
observed, which are critical for accurate neurological
assessments. This normative data will aid clinicians in
distinguishing between normal anatomical variations
and pathological changes, ultimately enhancing patient
care in Bangladesh.

4. DISCUSSION

The present study aimed to provide normative
data on the dimensions of the third and fourth ventricles
in a healthy adult Bangladeshi population using
Magnetic Resonance Imaging (MRI). The findings
highlight significant variations in ventricular size based
on age and sex, offering valuable insights for clinical
and diagnostic purposes.

4.1: Comparison with Existing Literature

The overall mean dimensions of the third and
fourth ventricles observed in this study align with
previous research conducted in other populations,
although some differences were noted. For instance, the

mean width of the third ventricle in this study (4.5 + 1.2
mm) is comparable to the values reported in a study by
Firbank et al., (2002), which found a mean width of
approximately 4.7 mm in a Caucasian population.
However, the slight wvariations underscore the
importance  of  establishing  population-specific
normative data.

Sex-related  differences in  ventricular
dimensions have been consistently reported across
various studies. Our findings that males exhibit larger
ventricular dimensions compared to females are
consistent with the results of Pfefferbaum et al., (2013),
who reported similar sex-related disparities in brain
structure. This difference may be attributed to the
generally larger brain size in males, which correlates
with larger ventricular spaces.

4.2: Age-related Changes

Significant age-related increases in the width
of both the third and fourth ventricles were observed,
particularly in individuals over the age of 50. This
finding is consistent with studies by Jack et al., (2013),
which documented ventricular enlargement as a
common feature of aging, often associated with brain
atrophy and loss of brain parenchyma. The age-related
expansion of the ventricles is likely due to the loss of
surrounding brain tissue, a normal part of the aging
process that can be exacerbated by neurodegenerative
conditions.

4.3: Clinical Implications

The normative data provided by this study are
crucial for the accurate diagnosis and management of
various neurological conditions in the Bangladeshi
population. For instance, hydrocephalus, which is
characterized by abnormal enlargement of the ventricles
due to CSF accumulation, can be more accurately
diagnosed using these population-specific reference
values (Bradley, 2001). Similarly, the early detection of
neurodegenerative diseases such as Alzheimer's disease,
which often present with ventricular enlargement, can
be improved with these normative data (Frisoni et al.,
2010).

Furthermore, the observed sex and age
differences in ventricular dimensions can aid in
distinguishing between normal anatomical variations
and pathological changes. For example, a ventricular
width that might be considered pathological in a
younger individual could be within normal limits for an
older adult.

4.4: Significance of Established Reference Ranges:
The established reference ranges for ventricle size in
Bangladeshi adults hold significant value for several
reasons:
e Improved Diagnostic Accuracy: Previously,
ventricle size interpretation might have relied
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on reference ranges from other populations,
potentially leading to misinterpretations. These
Bangladeshi-specific ranges provide a more
accurate benchmark for normal ventricle size,
reducing the risk of misdiagnosis (Frisoni et
al., 2017).

e Early Detection Potential: Deviations from
the established norms can prompt further
investigation for potential neurological issues,
potentially enabling earlier detection of
conditions like hydrocephalus (Nestor et al.,
2018).

e Tailored Approach: Having population-
specific reference ranges allows neurologists to
consider potential anatomical variations when
interpreting MRI scans of Bangladeshi
patients.

5. LIMITATIONS AND FUTURE RESEARCH

Despite the robust findings, this study has
some limitations. The sample size, although adequate,
may not capture the full diversity of the Bangladeshi
population. Future studies with larger sample sizes and
inclusion of individuals from various socioeconomic
and geographic backgrounds are recommended.
Additionally, longitudinal studies are needed to track
changes in ventricular dimensions over time within the
same individuals, providing more detailed insights into
the progression of age-related changes and their clinical
implications.

This study provides essential normative data
on the dimensions of the third and fourth ventricles in a
healthy adult Bangladeshi population, revealing
significant differences based on age and sex. These
findings enhance the understanding of normal brain
anatomy in this demographic and offer valuable
reference points for clinical assessments and diagnostic
procedures. Establishing such population-specific data
is crucial for improving the accuracy of neurological
diagnoses and optimizing patient care in Bangladesh.

The morphometric analysis of the third and
fourth ventricles in the adult Bangladeshi population
using Magnetic Resonance Imaging (MRI) has provided
valuable normative data that are crucial for clinical and
diagnostic purposes. This study has revealed significant
variations in ventricular size based on age and sex,
highlighting the necessity of population-specific
reference values to improve the accuracy of
neurological assessments.

Building on this study's foundation, future research can
explore several directions:
e Expand Sample Size: A larger and more

diverse sample can improve  the
generalizability of the established reference
ranges.

e Stratification by Age: Analyzing ventricle
size variations across different age groups
within the Bangladeshi population can provide
a more nuanced understanding.

e Clinical Applications: Investigating ventricle
size in patient groups with specific
neurological conditions can help establish
diagnostic thresholds for these conditions
(Rohrer et al., 2010).

By addressing these limitations and pursuing
further research, this study paves the way for a more
comprehensive understanding of ventricle size in the
Bangladeshi population and its role in neurological
diagnosis.

6. CONCLUSION

In conclusion, this study has successfully
established normative data for the third and fourth
ventricles in the adult Bangladeshi population,
highlighting  significant age- and  sex-related
differences. These findings provide a critical reference
point for the diagnosis and management of neurological
conditions in Bangladesh, enhancing the precision and
effectiveness of clinical assessments. Future research
should build on these findings to further refine our
understanding of ventricular morphology and its
implications for neurological health.
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